The production of hybrid vehicles has experienced intense growth in recent years. Carmakers invest significant resources into the development of advanced hybrid vehicles. The global prospects of this process can be estimated by systematically analyzing patents outlined in international patent databases. The paper assesses the state-of-art and the future of the industry. Evidence from leaders in the development of hybrid vehicles demonstrates the productivity of the methodology for analyzing patent data developed by the authors.
T he use of environmentally friendly energy sources represents a need that society must address. The fact that fossil fuels represent approximately 80% of overall fuel usage [Sawin, 2012] shows the extent to which society today depends on fossil fuels. Gas emissions have increased the effects of global warming, affecting the Earth and sea levels. Over the last 30 years, several hurricanes have occurred due to climate change, and the habitats of at least 279 species in the Arctic and Antarctic are threatened [Márquez, 2007] . The use of fossil fuels affects not only the air quality but also the quality of water, soil, flora, and fauna, causing environmental and social disasters [Burns, Levings, 1993] . Birds, fish, corals, and other marine wildlife are harmed by water pollution, often caused by oil spills. Fossil fuels produce chemicals and toxic compounds which alter the growth of plants and ultimately affect human health [Marinescu et al., 2011] . These environmental problems require radical changes in the use of energy within the automotive sector. There have been extensive efforts to develop new technologies for hybrid vehicles in recent years to address these issues. The US implemented important laws and policies focusing on zero emissions in the early 1990s (e.g. the Amendment to the Clean Air Act in 1990, the Energy Policy Act in 1992, and other regulations issued by the California Air Resources Board). Other initiatives for the development of hybrid vehicles were introduced in the early 21st century [US Department of Energy, 2005] . It is expected that the rise of emerging economies will lead to more demand for hybrid vehicles. The new opportunities for economic growth created in these countries do, however, adversely affect the prospects for sustainable development. In this sense, hybrid electric vehicles (HEV) could play an important role, particularly in China, India, and in Western countries [Porter et al., 2015] . The leaders in the automobile industry -namely, Toyota 1 , Nissan, Honda and General Motors -have been creating new technologies in order to use renewable energy sources in their vehicles. According to Dijk and Yarime [Dijk, Yarime, 2010] , the market for Hybrid Electric Vehicles (HEVs) became sustainable after 1995. Toyota introduced the Prius to the Japanese market in 1997, while Honda presented the Insight in California the following year. By 2002, the cumulaive HEV sales exceeded 100,000 vehicles and reached 1.5 million by 2008. Since then, the major automotive companies have been increasingly involved in the development of ecological vehicles. More than 30 companies have emerged or expanded their efforts in the United States to provide pioneering solutions for vehicle pollution: Baker, Detroit Electric, GE, Studebaker, and Woods to name just a few [Kraft, 2012] . More than six million Toyota hybrid vehicles had been sold worldwide as of the end of 2013 [Custommedia, 2014a] . The Nissan Leaf, the first vehicle with zero emissions, achieved sales of 100,000 units and a presence in 35 countries between December 2012 and January 2014 [Custommedia, 2014b] . During the last few decades, automotive companies have increased collaboration to develop new technologies. Government initiatives play a key role. Japan planned to invest 21 billion yen (US$ 264 million) from 2009 to 2015. The 'Next Generation Vehicle Strategy' will support the development of new batteries used in electricity based vehicles. The US announced plans to invest US$136 billion in green energies (including green cars) from 2009 to 2018 through the Green New Deal initiative. The EU has invested 5 billion Euros (US$ 6.6 billion) to support the European Green Car Initiative announced in November 2008 [Kwon, Jeong, 2013] . Technological advances in the field of hybrid vehicles are clearly reflected in patents. Because of this, scientometric patent analysis is now often used to identify technological advances in the field. This study complements patent analysis with the Systems Engineering approach to study hybrid vehicles patent activity. To implement this, we built a Causal Loop Diagram (CLD), which represents the elements of a system including its relationships and feedback dynamics [Zemke, 2001] . This method has been used for more than 30 years as a part of the Systems Thinking methodology [Forrester, 1961] . It envisions the organization as a system made up of individual elements, which creates a synergy effect. Using Vensim software [Ventana Systems Inc., 2006] , we constructed a Causal Loop Diagram for hybrid vehicles as shown in Figure 1 . The greater the advances in hybrid vehicles, the higher the number of patents issued. Competition for market share will stimulate investments in new tech- nologies throughout the value chain -from leading companies to 'follower' companies. We will show below how collaborative efforts among companies in this field are key to succeed. Patent analysis is a form of Competitive Technological Intelligence (CTI), which is applied to monitor the competitive and technological environment and to guide decisions regarding research, development and innovation activities. In this paper, we develop a methodology for analysing patent activity which extends CTI and builds upon a previous study by the authors [Rodríguez, Esquivel, 2013] . The latter study revealed valuable insights about the technological advances protected by patents in the domain of hybrid vehicles. Additionally, it provides evidence that companies with a higher patent activity also have a strong focus on collaborative technology development. The aim of this study is to support organizations in the field by identifying -in terms of patent density -the global research areas and emphasis of research categories (according to standard patent classifications), the top patenting organizations, the joint patents of the organizations with the highest patent activity, their technology collaboration efforts, patenting activity according to the type of hybrid vehicle and alternative energy sources, and finally, the most recent patents of top organizations regarding previous results. The remainder of this paper is organized as follows. Section 2 reviews the literature on renewable energies, hybrid vehicles, and competitive technological intelligence. Section 3 describes the methodology used, and Section 4 presents the main findings. Finally, the conclusions, recommendations, and limitations of the study are presented in Section 5.
Literature Review
Renewable energy and hybrid vehicles Energy problems caused by the exhaustion of fossil fuels have led to the advancement of green technologies, including mechanisms to be implemented in new vehicle systems.
Renewable energies
Renewable sources, such as wind power, geothermal heat, biomass, hydrothermal, and solar, are increasingly applied for industry and domestic purposes [Rodríguez, Esquivel, 2013] and their use in large and small-scale implementations is becoming increasingly important. There is a clear need to develop intelligent power management systems to optimize the use of energy and reduce energy consumption. These systems are needed to control many applications, including electric systems in vehicles and hybrid vehicles [Zhou et al., 2014] . According to Sewe and León [Sewe, León, 2010] , the most popular alternative energy sources are: solar, wind, biomass, geothermal, and hydraulic. To reduce the negative impact of vehicle emissions, hydrogen, natural gas, ethanol, methanol, biogas, and gasoil energy sources can be used [Momoh, Omoigui, 2009] . Additionally, solar energy represents an important possibility for the propulsion of hybrid vehicles [Khan, 1994] . These elements were considered during the analysis. As we show later, the results obtained indicate that hydrogen and solar energy have the highest activity in patents. In light of this, we undertook a special analysis to identify the patent applicants working with different types of alternative fuels.
Hybrid vehicles and hybrid electric vehicles (HEV)
This section delineates the main characteristics of hybrid vehicles, including electric ones. Hybrid vehicles are vehicles with two sources of propulsion. The primary source is the combustion engine, while the secondary source is the high-voltage battery. The latter is typically an electric motor, although it can be any other renewable source [Urdiales, Limón, 2009] . The use of hybrid propulsion methods means that carbon emissions can be reduced. The most successful hybrid vehicle configuration is the hybrid electric vehicle which combines the internal combustion engine with an electric motor. Hybrid vehicles are an increasingly important factor for protecting the environment. The evidence for this has been discussed for more than a decade [Boesel, 2013] . As pointed out above, one major trend in this market is the increase in research and development (R&D) due to new state initiatives for hybrid vehicles [TechNavio 2014 ].
Innovation and Economy
Three types of hybrid vehicles can be identified, as described below [Sewe, León, 2010; Emadi, 2005] : Parallel hybrid (Fig. 2) . These vehicles are the most economical and popular (1) on the market. Their architecture is widely used because the propulsion architecture is similar to a conventional vehicle. The hybrid system serves as a kind of add-on structure [Emadi, 2005] . Series Hybrid (Fig. 3 ). As Emadi [ (2) Emadi, 2005] highlights, the series hybrid propulsion system has yet to find acceptance in gasoline and diesel electric passenger sedans and light trucks. This may be partly because the architecture here is heavier and more expensive than its parallel and combination architecture alternatives. Series-Parallel Hybrid (Fig. 4) . Emadi [ (3) Emadi, 2005] states that the primary three advantages of this architecture are: i) the relatively simple transmission mechanism; ii) the engine speed can be confined to a narrow operating range through control of the motor generator A; and iii) the engine can be further downsized. The Toyota Prius is a typical example of this kind of architecture.
Competitive technological intelligence
Competitive Intelligence is a systematic and ethical process for gathering and analyzing information about the activities and general business trends to improve the performance of the involved organization [Moretti, 2004] . Once analysed, the information provides data on the behaviour, strengths, and weaknesses of competitors, as well as technological and other issues concerning the competitive environment to establish parameters for innovation areas. Competitive intelligence is a useful tool to understand the direction in which technologies are evolving [Calof et al., 2015] . the plans, decisions or operations of the company with the purpose of acting in a relevant, accurate, specific, and timely manner [Brody, 2008] . Similarly, Van Brakel [Van Brakel, 2005] defines competitive intelligence as a business discipline applied by companies and countries as a means to improve their competitiveness through the better use of information. One of the main benefits of this activity is to reduce risk when making decisions and to identify opportunities and threats that exist in the competitive marketplace. Additionally, Rodríguez and Tello [Rodríguez, Tello, 2012] include technology in the concept of competitive intelligence and define it as Competitive Technological Intelligence (CTI): the process for monitoring the competitive and technological environment of an organization to support strategic decisions, especially those related to market, innovation, product design, and research and development. Companies should constantly innovate in the products and services they offer because consumer needs change [Rodríguez, Esquivel, 2013] . In particular, CTI provides a methodology to systematically monitor competitors, research entities, and universities to better understand R&D advances.
Patent analysis
CTI is developed through an analysis of primary (field research, including interviews) and secondary (articles, patents, reports, news) official information. Patent analysis is a critical element of CTI in research extensive fields, such as hybrid vehicles. The number of patent applications and patents granted are valuable statistics for understanding inventive activity of a given technology market [Streltsova, 2014] . Insights from patents reveal the leading companies, their research areas, the claims of intellectual protection, and emerging areas. Thus, actionable knowledge is obtained to identify opportunities or threats to innovation [Rodríguez, 2003] . Patent analysis also provides a means to predict product maturity and market trends [Trappey et al., 2010] . Open patent data can illustrate research trends and future advances, and can also support corporate strategic decision making, the R&D sphere, and policy making [Denisova et al., 2011] . To safeguard their exclusive right to their invention, which then allows them to own the exclusive rights to produce and market it, organizations or individuals can protect it through a patent. Thus, patent analysis is often used to monitor the R&D portfolios of competitors, and to analyse the global evolution of industries and companies [Lai et al., 2006] . Moreover, it also provides knowledge to reduce the duplication of inventions, avoid patent infringement, and identify technologies to be licensed. Patent analysis is frequently used by the most innovative companies to support decisions about mergers and acquisitions, determine competitors' areas of expertise, identify competitive trends (including the prioritization of R&D efforts), and finally, to strengthen the overall strategic planning process [Ramos, 2011] . There are several methods for patent analysis [Trappey et al., 2011] . These include patent mapping, clustering, and life cycle analysis. Data mining tools are often used in patent analysis because they facilitate the processing of hundreds of bibliographic record fields (e.g. title, applicant, author, country). Besides, Rodríguez M., Paredes F., Gasoline Engine specialized software is required: several options exist on the market, including Gold Fire Innovator, Matheo Patent, Patent Insight Pro, and Vantage Point. Data mining software enable researchers to collect, synthesize, analyse, classify, and display information more efficiently. It is important to do a detailed analysis in order to determine which software best fits a specific project's requirements [Lugo, 2008] . Interpretation of patent maps requires an expert of the field; this operation cannot be fully automated regardless of the quality of the software [Lee et al., 2006] .
Patent analysis of hybrid vehicles
Numerous patent analysis studies have been made in this field since the early 2000s [Ranaei et al., 2014] . However, only a few studies have applied this tool for hybrid vehicles. Porter and his colleagues [Porter et al., 2015] applied a patent analysis tool as an input to a forecasting exercise on hybrid and electric vehicles. The authors analysed patent information from 2000 to 2012 through the Derwent World Patent Index, via Thomson Innovation. Results showed that intellectual property production on HEVs is led by the US, Japan, and Germany. On the other hand, Kwon and Jeong [Kwon, Jeong, 2013] analysed patent applications for green cars in the United States, Japan, Europe, Korea, and PCT international applications from 2000 to 2011. Patent information was searched for using WIPS (www.wipsglobal.com). The scope of the analysis on green car patents included electric vehicles (EV), plug-in hybrid electric vehicles (HEV), fuel cell electric vehicles (FCEV), and clean diesel vehicles (CDV). The US and Japan demonstrated the most prominence in hybrid vehicles research, followed by Korea. Additionally, Ranaei et al. [Ranaei et al., 2014] carried out a patent analysis on low emission vehicles. This study covered the time period from 1994 to 2013, and analysed patents related to battery electric vehicles (BEV), HEVs, hydrogen vehicles (HV), and fuel cell vehicles (FCV). Its authors calculated the growth technology curves. As a result, they estimated a steady increase in low emission technologies, including hybrid and battery electronic vehicles. However, the authors predict that this industry could reach a saturation point in a few decades. We will further discuss the main findings of the two mentioned studies on hybrid vehicles [Kwon, Jeong, 2013; Ranaei et al., 2014] , then we present our results (section 4 below).
Derwent innovations index
The Derwent Innovations Index is a reference for many companies and research entities. It belongs to Thomson Reuters, a private database that contains patent applications and grants covering over 14.3 million inventions from 40 patentissuing authorities worldwide. Tracking information for over 40 years, it includes information from the European Patent Office, Japanese Patent Office, the US Patent and Trademark Office, PCT (WO), etc. The Derwent Innovations Index is a highly valuable resource to better understand technological progress over time [Thomson Reuters, 2014b] . Information from patents, including that in Derwent, is an excellent way to analyse the behaviour of a given technology [Mogee, 1991] .
Methodology
The main purpose of this study is to develop a patent study on hybrid vehicles as an initial approach to identify the patent density in this field and the collaborative efforts of organizations with the highest patent activity, including identifying these organizations' strategic partners and the most recent patents. This paper contributes to ongoing research on hybrid vehicles with the aim of adding value to organizations interested in this field. A total of 40,023 patents were obtained. These data were processed to eliminate duplicates, irrelevant information and standardize fields such as organizations' names. Next, the predominant global research areas were identified taking into account the Derwent classification. Subsequently, the emphasis of research was determined considering the International Patent Classifications (IPCs) and the Derwent Class Codes (DCCs). The leading patent applicant organizations were also identified.
The results indicate that automotive companies are the major players for technology inventions. Other entities (e.g., universities, research centres, and government agencies) that undertake their own R&D in this area have a lower impact in terms of patent applications. In this context, joint patents and technological collaborations of the leading patenting companies in the energy sector were analysed. To accomplish this aim, internet-based research identified the collaboration agreements in the energy sector. All the information gathered was processed to eliminate irrelevant information and prepare it for the analyses. The second stage performed specific analyses, and determined the patents corresponding to the different types of hybrid vehicles (parallel, series, and series-parallel) to then identify renewable energies. Recent patents of the leading patent applicant companies were identified according to the alternative energy sources with the highest number of patents. Finally, all the information was analysed and relevant insights were generated. The findings of this research were validated by experts in the field. Their feedback was useful and led to new perspectives and knowledge.
In the next section, we present the results of the case study.
Discussion and Results

First stage
Global research areas A total of 40,023 patents were obtained on 'hybrid vehicles'. As mentioned previously, the first stage of this analysis aimed to identify the general focus of research; to this end, we used the standard Derwent classification. As a result, the following patent global research areas were determined: Engineering (39,094 patents); Transportation (37,303 patents); Energy and Fuels (18,086 patents); Instruments and Instrumentation (15,860 patents); Computer Science (7,347 patents). The results are shown in Figure 6 . FORESIGHT-RUSSIA Vol. 9. No 2 2015
Emphasis of research based on the top international patent classification (IPC)
The IPC, established by the Strasbourg Agreement of 1971, provides a hierarchical system of language-independent symbols for the classification of patents and utility models according to the different areas of technology to which they pertain. The IPC divides technology into eight sections with approximately 70,000 sub-divisions. Each sub-division has a symbol consisting of Arabic numerals and letters of the Latin alphabet. An IPC with more digits (numerals and letters) is more specific. The minimum number of digits is four, providing only a broad patent classification. Patents can belong to more than one IPC. The development of hybrid vehicles implies the use of technologies from a diversity of areas, so a high technical diversity is present as shown by Kwon and Jeong [Kwon, Jeong, 2013] . In our study, we identified the leading categories of research based on detailed IPCs. The top five main IPCs of hybrid vehicles are shown in Table 1 .
The results indicate that research is mainly focused on control systems for hybrid vehicles, as illustrated by IPC B60W-020/00, followed by electric vehicle propulsion systems (represented by IPC B60L). Insights from Kwon and Jeong [Kwon, Jeong, 2013] indicate a similar trend: electric vehicle propulsion systems (B60L), power transmission systems (B60K), and control systems specially adapted for hybrid electric vehicles (B60W).
Emphasis of research based on the top Derwent Class Codes (DCC)
We also determined the patent categories based on the standard Derwent Innovations Index classification. DCCs classify patent documents into 'Chemical Sections' (AM), 'Engineering Sections' (PQ), and 'Electrical and Electronic Sections' (SX). The Top 5 DCCs are shown in Table 2 . As with the IPC analysis, patents can also belong simultaneously to multiple categories of the DCC. The general classifications X, T, and L are the most important; in this system, these classifications correspond to the following topics: Electrical and electronic sections (S-X): 
Top patent organizations
An analysis was performed to determine the entities with the highest number of patents. Results indicated that automotive companies have more technological advances in hybrid vehicles compared to academic institutions. As shown in Figure 7 , the top three patent recipients were: Toyota (13,266 patents), Nissan (2,397 patents), and Nippondenso (1,956 patents). These results confirm the findings obtained by Kwon and Jeong [Kwon, Jeong, 2013] : Toyota Motor is the leader for patents in the field of hybrid vehicles, while Hyundai Motor and Honda Motor present a near-average patent density. In addition, our results are also comparable to the findings of Ranaei et al. [Ranaei et al., 2014] where in terms of battery electric vehicles (BEV), hybrid electric vehicles (HEV), and patents related to hydrogen vehicles (HV) or fuel cell vehicles (FCV), Toyota led due to its highest patent activity, followed by Nissan and Honda.
Toyota joint patents
A specific analysis on HEV of the top patenting company was made, in this case it was Toyota. We first identified the HEV patents between 2000 and 2014. Out of a total of 1,883 patents, 45 belonged to Toyota. Next, we analysed the joint Toyota patents to identify partnerships. Our results are presented in Table 3 . Rodríguez M., Paredes F., Toyota jointly developed and protected a wide range of technologies related to HEVs from 2000 to 2014 with various companies including: Panasonic Corporation, Sanyo, Asin Seiki Co. Ltd., Yokohama National University, Fujitsu Denso, Aisin A.W. Co. Ltd., Matsushita Denki Sangyo, Fuji Electrochemical, Matsushita Electric, and Nippondenso (which belongs to Toyota). These results will be backed up in the next section, which examines the active collaborations Toyota maintains in the sphere of technological R&D on hybrid vehicles.
Technological collaborations of the top patenting organization
Collaboration in the industry to reach a leading technology position is increasing worldwide, including for automotive companies. From the broad perspective of co-evolution of the vehicle sector, the following actors are involved: car manufacturers, engine component suppliers, car users, car repair shops, sales persons, journalists, universities, research centres, banks, venture capitalists, shareholders, and policy makers [Dijk, Yarime, 2010] . Unquestionably, car manufacturers play an influential role in this co-evolution. As shown in the previous section, Toyota Motor Company leads on patenting activity for hybrid vehicles. In terms of collaboration and patent domain, we first highlight three main issues from Kwon and Jeong [Kwon, Jeong, 2013] : Table 3 . Toyota Joint Patents on HEVs * The data in column 2 and 3 are from the authors' analysis of Derwent Innovation Index Patent Database.
Source: [Thomson Reuters, 2014b] .
Innovation and Economy
Sources: the data in Column 1 are from the authors' analysis of To provide a simple and affordable smart grid communication protocol between the vehicle, the charging station, and the utility company, to effectively manage hybrid's vehicle charging. The pilot project involves 5 Prius Toyota plug-in hybrid vehicles driven by Duke Energy customers. Osaka Gas Co., Ltd. To develop a hybrid-electric powertrain earmarked specifically for rearwheel-drive light pickup trucks and SUVs. However, after a two-year 'feasibility study,' they decided to end this hybrid collaboration before it starts. To establish a joint venture company in order to develop a next-generation cellulose-derived biofuel.
a) Toyota Motor became more competitive due to open innovation in the last five years; b) Toyota Motor acquired significantly more patents in hybrid vehicles compared to in other domains; c) Toyota Motor, together with Hyundai Motor and Ford Global Technologies, became the R&D leaders thanks to their international collaboration networks. Considering the importance of Toyota Motor, we carried out an in-depth analysis of its collaboration initiatives in the field of hybrid vehicles (Table 4) . In addition, Toyota has established a diversity of collaborations a long time ago. For example, the collaboration between Ford and Toyota Motor Corporation in 2005 enabled the co-development of hybrid cars and the sale of Ford vehicles in Japan. In conclusion, Toyota Motor's leadership in the market of hybrid vehicles is the result of a significant balance between their own developments and those produced through their strong collaborative technology network. Toyota currently remains the leader in developing hybrid models of cars. For example, in January 2014, they launched the completely redesigned 'Voxy' minivan through the Netz dealers in Japan, and the completely redesigned 'Noah' minivan through Toyota Corolla dealers. Monthly sales targets for Japan are 4,600 units of 'Voxy' and 3,400 units of 'Noah' [Toyota Motor Corporation, 2014] .
Second stage
Patent activity according to the type of hybrid vehicle
The starting point of the second stage was to identify the most active types of hybrid vehicles in terms of patents. For this purpose, we considered the classification previously presented on parallel, series and series-parallel. Analysing the total of 40,023 patents, the results obtained indicate a predominance of parallel hybrids (1,475 patents), as shown in Figure 8 .
Patent activity according to alternative energy sources
For the purpose of this research, it was also important to identify alternative energy sources with the highest patenting activity.
Although the hybrid and electric car market is currently growing at a strong rate, manufacturers are already moving to new green technologies such as hydrogen fuel cells. The industry is looking for new energy sources more than electricity, and a steady growth is estimated in the next few years [MarketLine, 2014] . Figure 9 shows the results. Patents involving the use of hydrogen (1,655 patents) predominate, followed by solar energy (413 patents) and natural gas (125 patents).
Recent patents of the top companies in the field of alternative energy
Considering the broad scope of the 40,023 patents obtained for 'hybrid vehicles', we further analysed the top five patenting companies and the two most important alternative energy sources: hydrogen and solar energy. For this aim, the search strategy combined the top applicants (assignee name of each patent) with the 'hydrogen' or 'solar' keyword in the 'title' and 'abstract' fields. As a result, we obtained 1009 patents. Table 5 presents the most recent of these patents. Toyota stands out for owning the absolute majority of these recent technological advancements in the field of batteries, including a power supply device for supplying electric power to the controlled unit. On the other hand, Hyundai stands out for its patented invention related to a hands-free system for opening the trunk. Advancements in the use of solar energy for hybrid vehicles were also investigated by considering the top five companies. A total of 56 patents were found for solar energy; the most recent of which are presented in Table 6 . In this case, the company Nippondenso has the highest patent activity, which is partly owned by Toyota. Nippondenso's current research focus is on photovoltaic power generation and power conversion and its controllers.
Conclusions
This study described the technological landscape of hybrid vehicles using a systemic patent analysis. This research is the first attempt to identify and analyse patent density for hybrid vehicles from 2000 to 2014. A total of 40,023 patents were analysed, which enabled us to conclude that the global R&D priorities in this field include areas such as engineering (39,094 patents), transportation (37,303 patents), and energy and fuels (18,086 patents). Based on standard classifications, the industry's efforts are focused on IPC B60W technologies: these Rodríguez M., Paredes F., Rodríguez M., Paredes F., are the control systems specially adapted for hybrid vehicles i.e. vehicles with two or more prime movers of at least two different types [WIPO, 2014a] . Alternately, the DCC analysis indicated that patent activity mainly focuses on electric cars, trolley buses, propulsion, power supply, traction batteries, and control equipment. The patent leaders for hybrid vehicle technologies were identified as follows: Toyota Motor Co. Ltd., Nissan Motor Co. Ltd., Nippondenso Co. Ltd., Honda Motor Co. Ltd., and Hyundai Motor Co. Ltd. Moreover, we found that Toyota has developed joint patents for HEV with organizations such as Sanyo, Aisin Seiki Co. Ltd., Yokohama National University, and others. Additional results were obtained to validate the strong collaborative strategy that Toyota follows for R&D on hybrid vehicles. In terms of the type of hybrid vehicle researched, the parallel type predominates with 1,475 patents, followed by the serial hybrid with 672 patents. As for alternative energy sources, the most extensive research has been carried out on hydrogen with 1,655 patents, followed by solar energy with 413 patents. Natural gas ranks third (125 patents). Finally, we analysed the leading companies and their recent patent efforts according to the top alternative energy sources. This analysis confirmed the leading position of Toyota Motor Co. Ltd., which is developing new technologies for using electric, hydrogen, and solar energy for hybrid vehicles. The results obtained aim to help the sector's stakeholders better understand current research in terms of the global research priorities, the technological categories, the top patenting organizations, joint patents, collaboration efforts, the types of hybrid vehicles and alternative energy sources, as well as the latest patents of leading companies. Moreover, we showed the importance of collaborative research in helping companies occupy leading positions in the market. These results could support the RD&I strategic decision-making of stakeholders in the sector. Finally, our methodology can be applied in future research to other technologies.
Innovation and Economy
Recommendations and limitations
The present study provides an initial outlook at research on hybrid vehicles and collaboration efforts through a systemic patent analysis. To gain more in-depth insights, it is necessary to focus on specific topics because the area of study is so large. In future research, it would be interesting to determine the correlations between the variables characterizing the trends and evolution of the technical advances through technology mapping. Moreover, it is important to remember that patent analysis only covers one part of the industry's strategic diversity; a more extensive market analysis is needed. Toyota, the leader in patent and collaborative activity, saw its market share erode in 2013 following an increase in sales by its competitors. Thus, the company Ford has recently significantly increased its presence on the alternative fuel vehicle market; pure electric vehicles, such as the Tesla Model S and Nissan Leaf, have also been quite successful [MarketLine, 2014] . Nevertheless, Toyota continues to be innovative, as discussed earlier. At the start of this year, Toyota launched the latest versions of their hybrid vehicles in Japan. Expert analysts of the industry predict they will be very successful in this market. 
